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— Introduetion

An invaluable tool for the study of radicactive isotopes is the pulse
analyzer. This is a device which makes it possible to plot a graph of alpha
particle energy against the number of particles emitted of that energy. Since
a radioactive element which emits alpha particles emits them in discrete ener-
giss, it is possible to detect the presence of extremely small quantities of
sueh slements by‘analyzing the pulse height distribution of the pulses from
an ionization chamber in which the sample has been placed., This is analogous
to detecting the presence of an element by its light or X-ray spectrum with
the light or X-ray energy replaced by the alpha particle energy.

The currently used pulse analyzers consist of an ionization chamber, pulse
height selector, and a battery of registers to record the data. The sample is
placed in the ionization chamber, which is connected to a pulse amplifier. The
pulses from the chamber have a height proportional.to the energy of the alpha
particle causing the pulse., These pnlses‘ére then separated into groups of
pulses betwsen two predetermined pulse heights by a series of biased tubes.

The number of pulses in sach group ars then counted by a mechanical register,
This gives a plot of the number of pulses which ocecur, of a given pulse height,
against the pulse height. This is also a plot of the pumber of alpha particles
of a given energy against the energy of the particle.

The purpese of this projeect is to develop a pulse analyzer which is more



o

UCRL 250
b

reliable, more accurate, and faster than the ones uséd at present,

One of the outstanding difficulties with the present pulse analyzer is
that of the drift of individual channels because of a drift in bias or tube
characteristic in that channel. This is a much more serious difficulty than
that of drift of the whole system, since it will give a false peak in the
alpha spectrum which cannot be distinguished frém a peak due %o a radioacitve
isotope. By the use of a cathode-ray-tube pulse height selector, this dif-
ficulty -can be eliminated. Such a pulse height selsctor is shown in Fig. 1.

The pulse (a) from the ionization chamber (3) to be analyzed is shaped
so thét it has a flat top (b) and is appliedrto the deflection electrode (8)
of the cathode-ray gun. The electron beam; which is normally bff9 is turned
on at the peak of the pulse by a square pulse applied to the intensity grid
(5) of the electron gun. The beam.is then turned on at a position correspond-
ing to the height of the applied pulse. A series of anodes (10) across the
screen of the cathode=ray=tﬁbé collect the current from the beam, and a series
of mechanical registers (12) count the number of times the beam strikes a
given plate., This gives a count of the number of pulses which occur between
two given pulse heights.

Since the‘channel width and relative position is a function only of the
physical width and position of the anodes.in the tube, there can be no individu=-
al register drift. This type of pulse height selection has the added advantages
of being faster, and more easily stabalized than the conventional system usigg
biased tubes,

The tube described above has other applications which are mentioned in

Chapter IX.
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CHAPTER I
The Ionization Chamber
The purpose of the ionization chamber is to give pulses of a height
proportional to the energy of the alpha particle being analyzed.
There are two-types of ionization chamberslin common use with pulse
analyzers: +the two-electrode chamber and the grid chamber shown in Fig. 2-=A
and B. The particular two-electrode chamber andkgrid chamber used with the

present pulse analyzer was designed by Mr. A. Ghiroso df the University of

California Radiation Laboratory.

The chamber is filled with argon at a little above-atmospheric'pfessure,
and the sample to bé analyzed is placed in the sample position {a). The alpha
particles emitted from the sample expend their energy in ionizing the gas (b)°

The negative ions, which in gases such as argon are free electrons, are
attracted to the anode and are collected much faster than the positive ions be-
cause of their higher mobility. Since the change in voltage on the anode (c)
is caused by the drift of the electrons in the electric field, the fast pulse
output is due mostly to the electront drift and has a height proportiocnal to the
total number of electrons, which is proportional to the energy of the alpha
particle.
field. The pulse shape output is, therefore, approximately that shown in Fig.
3-A. For this type of chamber, best resolution can be obtained only by taking
the total pulse height ahd empirically shaping the pulse for best results.

Spme of the errors causing poor resolution in such a chamber are:

(1.). improper gas mixture, causing poor ionization properties

\

(2,) wvariation in pulse height because of ions drifting different distances
- as a result of alpha particles being emitted at different angles:
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(3.) ‘positive ion drift affecting the anode voltage:
(4.) difficulty in amplifying the pulse accurately;

{(5.) difficulty in shaping the pulse, since the devivative of the
pulse is not an accurate flnction of the alpha particle energy.

Most of these difficulties may be overcome by using a grid chamber as
shown in Fig. 2-B. This type of chamber has the anode (b) shielded from the
effect of the positive ion drift by the grid (a). The electrons all drift
?he same distance and through the same difference of potential between the
grid (a) and anode (b), so that the pulse height is more closely proportional
to the total number of electrons, regardless of the pcsition~at which the ions
-are formed.

Since the field is uniform between the grid and anods, the derivative

of fhe pulse will be proportional to the alpha particle energy provided the
(25-2 8%-RS = R) ¢

2
where R is the maximum range of the particle, ¢1 is the potential between the

distance (D} between the grid and anode is greater than

sample (c¢) and grid, ¢2 is the potential between grid and anode, and S is fhe
distance between the grid and the sample,

This condition is imposed since the maximum slope is always proportional
to the number of ions formed only if all of the ions formed are drifting
between the grid and anpde at the same time at some time during the collection
period. This is true only if the distance ffom the grid to the anode is large
enough that the electrons will not start to be collected until all of them have
come through the grid. |

Typical pulses from such a chamber are shown in Fig. 3=B and C for

different angles of the particle. The derivative of these pulses is shown in

Figo S“D and- Eo
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CHAPTER II
The Preamplifier
Since the pulse from the ionization chamber is only of the order of a

millivolt, it is necessary to have a preamplifier on the chamber to amplify

- the signal from the chamber to a high enough voltage to be handled sasily in

the following circuits. Because of the shapers that follow the preamplifier,
it is necessary to preserve the shape of the pulse very accurately., Since the
instrument is measuring small differences in pulse height9 it is necessary
that the gain of the amplifier be very constant %nd the signal to noise ratio
be very high.

The pulse from the ionization chamber is a triangular pulse as shown in
Pig, 3=A with a rise time of the order of one microsecond and a decay time of
several milliseconds,

The rise time is determined by the transit ftime of the electrons in the
ionization chamber, and the decay time is determined by the Rlcl time constant
Qf the anode where R1 is the input resistance of the amplifier and Cy ig the
tube input and chamber capacity shown in Fig. 4. To preserve this pulse shape,
a band pass of from about 20 cycles to about 2 megacycles is necessary. |

An amplifier with the required characteristies was designed and is shown
in Fig. 4. |

A number of input tubes and input circuits were tried. The most satisfac-
tory tube for sigﬁal to noise ratio was av6AK5 connected as a pentods with a
low plate voltage as shown in Fig. 4.

The noise in-the input is due primarily to tube noise and resistor noise.

'The random tube noise is of the order of 10 microvolts., The %thermal resistor

noise for low resistances is approximatély proportional to the square root of
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the input resistor Rl“ For high resistances (10 megohms or more) the thermal
resistor nolse is by-passed to some extent by the input capacity Cl of the
preamplifier. The resistor noise is more effectively by~passed for high
resistances since the resistance is in series with the resistor noise voltage

e, as shown in Fig. 5.

Chamber
Anode & T VAN
' ‘ ‘ Input
R tube of
_._r___cl preamplifier
' R
L 1

Figure 5

The hum level was reduced by using a D. C. filament supply and a well-
filtéred, doubly-regulated power supply.

The gain, A, of the second and third stages and the cathode follower of
the preamplifier was about 1506 withoutlfeed back and was stabalized at abﬁut
150 by the use of negative feed back. The feed back, B, for these stages was
abqut 1/150, giying an AR of about 10, Since the stability of an amplifier with
negative feed back is increased by a gain stabalization factor of 1 + Aﬁg there
will be a change in gain of only 1% for every 11% change in amplifier gain
withou% feed baek,

The gain stabalization factor provided by using cathode follower feed

back for a triodeis given by:

gain change without feed back Ro
gain change with feed back Ry
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where:
RQ = (R, + )
1T+ pi
R is the output impedance of the cathode follower with an infinite cathode

resistoro Ry is the resistance of the cathode resistor. Rp is the plate

resistance of the tube and Ry is the plate load resistor as shown in Fig. 6.

Figure 6

The output impedance of the cathode follower is: RoRy

RO *Rk

The input stage of the preamplifier uses cathode follower feed back. Sinée
it is a pentode instead of a triode, the stabilization factor will be slightly
more than the value derived above. |

To add to the stgbility» the filament supply is regulated by shunting it
with a storage battery. The high voltage supply is also very wsll regulated.
The high voltage supply and filament supply for the préamplifier and other
amplifiers is shown in the master circuit diagram on the last page of the

thesis.,
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CHAPTER III
The Pulse Shaper and Discriminator
After the pulse from the ionization chamber has been amplified, it is a
broad triangular pulse as shown in Fig. 7-(a). The pulse must then be shaped
for two reasons:

(1.) since the pulse has a long decay time, a pulse occuring before the
preceeding pulse has returned to zero voltage, will register an
incorrect pulse height. It is therefore necessary to have the
pulse return to zero as soon as possible,

(2.) Since the random noise is uniformly distributed over all frequencies,
it has an RMS amplitude proportional to the square root of the band
width. The signal to noise ratio will therefore be increased if
the pulse height is preserved and the band width of the shaper is
reduced.

Two methods of shaping the pulse are in common use., The least satisfactory

method of shaping9 although it is much simpler, is a differentiating circuit.

The derivative of the applied pulse is obtained by applying the pulse to

an RC circuit shown in Fig., 8, and taking the derivative of the pulse across

the resistor as shown.

. C

Derivative of
Pulse
input R Pulse output
- X
Figure 8

For this to be a good approximatioh of the derivative, the RC of the cir-
cuit must be short compared with the rise time of the applied pulse., It may

be used only if the maximum slope of the leading edge of the pulse is propor-
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tional to the energy of the alpha particle causing it. This is true to a highi
degree of accuracy only in the grid chamber as described in Chapter I.
The second method of pulse shaping is much more satisfactory because it
gives a higher signal to noise ratio and gives a pulse shape which is much easier
£0 handle. A c¢ircuit was degigned for this type of shaping which is shown in
Fig. 7. 7 |
The pulse is applied to the grid (a) of the cathode follower shaper. Since
the cathode follower has an impedance from cathode to ground of about 100 ohms
(the cathode fqllOWer output impedance is discussed on pagel3), the cathode
potential will rise to appfoximately the grid potential. The cﬁaracteristic
impedance of the lumped constant delay line (Dl) is 1000 ohms., The resistén069
Ry, is adjusted so that the output impedance from point (b) to ground without the
delay line conhected is 1000 ohms.. When the pulse is applied to the grid (a) of
the triode, the voltage (b) across the delay line will rise to half the grid
vo;,t,ageo The signal reflects from the open end of the delay line 22 mieroseconds
later in the same phase as the applied pulse. The voltage at point (B) Wills‘
therefore, rise to the full grid voltage 22 microsecohds later, after the signal
has traversed the delay line ahd :eturnedo Sinece the impedance across the input
of the delay line is its characteristic impedance, there will be no further reflec-
tions. The voltage appearing across Ry, and consequently across Ry (since the
same current flows through both), will be the difference of the voltage at (a) and
the voltage at (b). This difference is a square pulse (c¢), which has a height
lproportional to the height of the iﬁput pulse and avpulse width of twice the
delay time of the delay line,
The signal to noise ratio of the signal is increased by this type of shaper,
since it attenuates the low frequencies. The frequensy response of this shaper

for low frequencies (about.a tenth the reciprocal of the delay time) is approxi-
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mately proportional to the frequency. This attenuation of the low frequencies
not only reduces the RMS value of the random noise but alsc attenuates hum and tubs
microphonic noise considerably.
 For a satisfactory amplification a short square pulse there must be a wide
band pass. Attenuation of the low frequencies produces a back kick on the pulse
and attenuation of the high, frequencies rounds the corners of the pulse. There
must, therefore, be a band pass of from about 20 cycles to about a megacycle.
The three amplifier stages which follow the 'delay line pulse shaper (T;) have
negative feedback from the second stage (TS) to the first (Tg) and the third
stage (T4) has cathdde follower stabilization. This later method of stabilizing
gain is discussed on page 12
It is imperative that the pulse output be perfectly flat on top for the
cathodewray analyzer tube, since the beam must be stationary at the peak of the
pulse while it is turned on. Using a flat pulse has also improved the resolution
of the biased thyratron-controlled pulse analyzer now in use in the Uni%ersity of
California Radiation Laboratory.
_ To insure that the pulse is flat on top but still preserve its pulse height,
a pulse flattener circuit was developed. In this circuit, shown in Fig, 7, the
pulse is applied to a céthode follower (T5), and the pulse voltage is divided by
two resistors (R3 and R4) in the cathode circuit of the tube. The pulse appearing
at point £ will be a constant fraction of that appearing at {e). When the pulse
rises ‘to its maximum, the condenser, (C1) will be charged by current through the
erystal diode (Dy) to the maximum voltage of the pulse at point (f). This
maximum occurs at the leading edge of the pulse. The voltage across Cl will
remain at this potential until it is lowered to zero by current through the
diode(Dz) at the trailing edge of the pulse. The polarity of the diodes is such
that while the pulse is at its top there is no current through either diode to

the condenser (Cy), since point f will be at a lower potential than point g after
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the leading edge of the pulse, and point e will be at a higher potential until
the trailing edge of the pulse, This circuit, therefore, gives a pulse output

which is flat on top and has a pulse height proportional to that of the input

pulse,

Since it is usually desirable to énalyze pulses above a certain height, a
diseriminator is incorporated in the circuit to make it possible for the cifcuit
t0 handle the part of the pulse above a giyen voltage. This is done merely by
applying a negative bias (i) to the cathode follower driving the flattener so that
only the part of the pulse above the cut-off potential of the triode is used.

A cathode follower (T6) stage is used as an output stage for the pulse

shaper in order that the output impedance may be low.
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CHAPTER IV
Z=Axis Pulse Genérator

It is necessary to apply a square pulse to the intensity grid of the cathode
ray gun at a time when the pulse on the horizontal deflection plates of the gun
is at its maximum., This is done by a triggered pulse generator showh in Fig. S.
The trigger pulse is obtained by delaying the pulse to be analyzed with a delay
line (Dl) so that the trieger pulse”(d) will ﬁave its'leading edge at the maximum
of the applied pulse. . This positive signal is used to fire the th&ratron (Tz) of
the pulse generator. The thyratron will stay fired until the signal reflects
from the open-ended transmission line (L;) in the plate (e) of the thyratron.

This negative pulse extinguishes the thyratron. A square pulse of voltage will,

. therefore, appear across the resistor (f) in the cathode of the thyratron. This

square pulse has a leading edge at the point at which the applied pulse reaches

a maximum and a width of 5 microseconds, which is twice the delay time of the

delay line.
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CHAPTER V
The Deflection Amplifier and Bias System

The electron gun is sensitive in deflection sensitivity to the anode
voltage, The spot diameter of the electron beam is smaller and the magnetic
deflectipn is less with high anode voltages, so a 3000 volt voltage regulated
power supply is used to supply the anode voltage for the electron gun,

At this anode voltage the deflection sensitivity is such that the electron
gun requires a horizontal pulse deflection voltage of about 1000 volts. The
pulse to be analyzed is amplified to this voltage by the deflection amplifier
éhown in FPig. 10,

The pulse from the pulse shaper is amplified by a pair of pentode, RC=
coupled amplifiers (Ty) and (T2)° These amplifiers have negative feed back fp
stabalize their gain.

The output amp;ifier (TS) is a type 6BG6 beam power pentode. The cathode
re#istor (Ry) provides cathode follower negative feed back, described in Chapter
II, for gain stabilization and increased linearity: The output pulse appears
across the resistor (Rg) in the- plate circuit of (Ts)o The D. C. potential of the
plate of (Tg) is divided by the pair of resistors (RB) and (Ry) so that the D. C.
bias of the deflection plate connected to them at (a) (with respect to -150 volts)
is proportional 4o the'pléte voltage. This plate voltage is regulated at a |
constant D. C. potential by negative D. C. feed back to the grid of (T5)° .This
potential may be adjusted to any desired voltage, to give the desired deflection
plate bias, by varying the bias control potentiometer (RG)° To reduce the current
drain on the 2000 volt power supply for the tube and still provide a low pulse
output load resistance (Rp), an additional by-passed plate-~dropping resistor (R5)
is inserted in the plate cirecuit.

The entire pulse output voltage is coupled to the deflection plate by the
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coupling condenser (cl)o By applying the ehtire pulse voltage and only a

portion of the D. C. voltage of the plate of (Tz) to the deflectién plate, the
pulse on the deflection plate can be made t o0 go negative with respect to ground
~from a pqgitive D. C. bias. The beam of the céthode'ray gun can,; therefore,

be deflected from its reference point on one side of the screen to the other

side by a large pulse. By using th;s system of bias, both horizontal deflection
plates will be at zero potential when the beam is in the center of the screen.
This system of bias has less astigmatism of the beam than a system of bias

which uses one deflection plate for the applied pulse and the other plate for the

D. C. bias to set the reference position of the beam,
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CHAPTER VI
Tpe Output Amplifiers

The amplifiers which amplify the current from the collecting anodes of
the pulse analyzer tube to a current large ehough tc operate a mechanical
register must pass several rather stringent requiremshts; It must be simple and
require only a few tubes, sinee fifty such amplifiers must be built., A complex
eircuit would be expensive and require more frequent repair. The amplifier must
amplify pulses reliably of .3 microamps with a pulse width of less than 5 micro-
seconds to a current of several hundred milliamperes of a duration of several
milliseconds. This can be done with the amplifier shown in Fig. 11, which
consists of only three tubes, |

The input (Tg) is a cathode follower which has a low capacity input
impedance of about .5 hegohmso The shield (Sl) of the input cable inside the
grounded shield (sz) is connected to the cathode of the cathode follower to
reduce the effective capacity of the input cable and sti;l provide a method of
shielding the input. The other section (Tb) of thé input tube (a 6;6 duel triode)
isrused as a grounded grid, cathode-coupled amplifier. The difference in potential
between-grid and cathode is provided by changing the cathode potential of the
second section (Tb) of the first tube and keeping the grid voitage constant.

This type of amplifier has the advantages of giving a high gain with a high
input impedance to the tubef It has the output in phaée with the input, and
broadens the pulse so that it can be amplified in the next stage with higher gain.
The,érounded grid stage has electrostatic shielding betweeﬁ the input and the
plate, and since the output pulse is negative, a high plate resistor (Rl) may
be used, giving a high gain without much loss in pulse height due to output
capacity.

The next stage (TZ) is a conventional péntode RC=coupled amplifier using a.

type 6AU6 with zero grid bias.
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The first two tubes (Ta) (Tb) and (Tz) amplify the .3 microamp pulse of less
than 5 microseconds width to a 60 volt pulse of about 10 microseconds width.

This is quite a sufficient pulse for firing a thyratron (TB) such as a 2D21 or
2050 which will operate the mechanical register (Mi)o ‘The mechanical register,
will then count the number of pulses of current on the collecting anode (A.l)o

The sensitivity of the amplifier may be changed by changing the bias of
the output thyratron (Tz) with the potentiometer (Ry).

The sensitivity is adjusted so that the mechanical register will trip if
more than half of the beam is striking the gollector anode to whieh it is
gqnnqcteda By doing this, the definition of the pulse analyzer may be inhcreased,
éince, if the beam strikes the edge of an anode, it will trip the register of

the anode that most of the beam is striking.
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CHAPTER VII
Construction of the Tube

The'physical dimensions of the pulse analyzer tube are shown in Fig. 1.

The chamber (1) is made of brass with a lucite end plate (2). Fuse wire géskets
are used for all metal joints, and a plastic gasket is used for the end plate.

A standard 11 pin female socket is mounted on a plﬁte on the small end of
the chamber. The wires are fed through this plate so that a standard cathode ray
tube'electron‘gun can be mounted in the socket without any ¢hange in base pin
conhectionse

The'eleétron gun from a 3GPl or SLP1l cathode ray tube may be used. The
glass envelope of the eleectron gun is cracked with a hot wire and broken off
near the base of the tube, leaving the electron gun supported on_the tube basse.

At first the guns were taken apart and the cathode recoated with a commercial
oxide cathode coating. This proved to be unreliable in giving a well-=focused
electron beam, It was foﬁnd that the cathode of the eléctron éun could be re=
activated without recoating it by heating it in abéut 10'4mm Hg of hydrogen.

This gave quite a satisfactory focus, The cathode could be exposed to air and
reactivated several times. |

The electron gun Will operate satisfactorily at a pressure ofAlO°5mm Hg or
‘le_ss° To provide this vacuum, an o0il diffusion pump with a pumping speed of 100
liters per minute is used. The tube is usually operated at a pressure of
approximately 10~5mm Hgo

A thermocouple ion gage is used to measure the chamber pressure above 10“5mm
and an electronic triode ion gaée is used for pressures below this value.

‘The lucite end plate has a .."’aminch fluorescent screen and a series of 50
anodes mounted on it. The beam can be focused visually on the fluorescent sc¢reen,

A 3-inch cathode ray tube is comnected in parallel with the pulse analyzer tube .
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to use as a pilot for setting the position of the beam in the master tube,

The anodses are mounted as shown in Fig. 12. They are staggered to reduce
the qapacity between adjacent plates and to eliminate the gap in the horizontal
direction between ad jacent anodes. The anodes are made of sheet copper and are
coated with aquadag to reduce secondary emission.

The anodes are éoldered to brass bolts which extend through the lucite end
plate and are sealed in with sealing wax.

The chamber is mounted on a steel framework and is shielded magnetically

by a sheet iron housingq
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CHAPTER VIII
. Results

The presmplifier and shaping circuit were +tested with the biased thyratron
type pulse analyzer.ip present use at the Radiation Laboratory. The preamplifier
described in Chapter 1I was connected to a two-electrode ionization chamber
described in Chapter I, with a standard sample inserted. The output of the
.preamplifier was connected to the pulse shaper, which consisted of the delay
. line pulse chopper, diseriminator, and pulse flattener described in Chapter III.
The output of this was in turn connected to the biésed thyratron pulse analyzer.
The resolution of the peaks in the plot of number of counts vs. pulse height
was guite satisfactory, indicating that the preamplifier and shaper were working
satisfactorily.

A pulse consisting of a pulsé chopper and flatteﬁer as described in Chapter
III was constructed for permanent use with the biased thyratron pulse analyzer.
This shaper improved the resolution and stability of the pulse analyzer consider-
ably.

The remainder of the circuit preceeding the cathode ray tube, including the
power éupply, deflection systems, Z-axis pulse generator, and pilot oscilloscope,
was tested by connecting the output of the pulée shape:, as described above, to
the deflection amplifier ahd Z~axis pulse generator instead of the biased thyratron
pulse anélyzer° Spots of light corresponding in pos@tion to the energy éf the |
alpha particles appeéred on.the screen of the pilot cathode ray tube and on a
tube inserted in the socket intended for the pulse analyzer tube.

The pulse analyzer tube with its associated output amplifiers and registers
was tested by applying test pulses of cohstant height to the input of the pulse
shaper, which was in turn connected to the deflection system and Z-axis pulse

generator as described above, The sensitivity of the output amplifiers was
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a§justed S0 thatvthe meghanicai registers would record a pulse if more than half
of the beam struck a plate. The beam had excellent definition. By varyiné the
pulse height applied to the pulse analyzer, the registers would trip at a posi-
tion corresponding to the pulse height. 'If the beam struck the edge of an anods,
it wbuldétrip either one register or the adjacent one and never both or neither.

The remainder of the output amplifiers are now being constructed.

A tube is being designed with a smaller glass envelope which can be evacuated
and sealed off, This should make a more compact instrument and reduce the vacuum
system problems considerably,

The pulse analyzer seems to work satisfactorily° The definition and stability
seem to be quite good. At present the pulse repetition rate.is limited to about
35 microsecond separation if the adjacent pulses are éf different height so they
operate different registers. (A single mechanical register has a repetition rate
of only abouf 120 pulses per second.) The instrument could be made to have a
pulse repetition rate limited only by the ionization chamber and mechanical

register speeds.
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CHAPTER IX
Further Applications

A system has been constructed, as shown in Fig. 13. In this system an
ordinary cathode ray tube (a) is used instead of the-pulse analyzer tube, and
photo-tubes (b) and (c) are used, instead of anbdes» to‘detect the position of
the beam, When it is turned on, This system has on;y two channels and is used
for short half-life determination.

The position at which the pulses are detected is adjusted by varying the
position of the slots (d) and (e) in front of the phototubes (b) and (¢). The
width of the channel can be adjusted by varying the width of the slots (d) and
(e). An RF signal is applied to the vertical deflection plates to spread the
spot in the vertical direction so that it may be detected by either tube.

The photo-fubes used are electron multiplier-tubes, type 931 A, These
tubes give a voltage pulse output of approximately 5 volts when a pulse of light
appears on the fluorescent screen in front of it.

For measuring short half lives of certain isotopes one slot (d) is set
at the energy of an isotope emitting an alpha pa:ticle, and the other slot (e)
is‘set at the alpha eﬁergy of the daughter product. An isotope will decay by
emitting an alpha particle to another isotope, which will emit another alpha
particle. The time between these two alpha particles is a measure of the half
life of the second isotopeo

The pulse analyzer tube may be used as a device for measuring the time
between these two pulses., A linear-triggered sweep may be tripped by the first
alpha particle pulse so that the beam of the cathode ray gun will sweep at a
constant rate from one.end of the series of anodes to the other., The beam, which
is normally off, can then be turned on by the second alpha particle pulse. The

>
beam will then be turned on on an anode corresponding to the time between the
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thé two pulses. A plot of the counts appearing on the mechanical registers
connected to these anodes will give a plot of the number of counts vs. the time
between pulses that is an exponential, This corresponds to the exponential
decay of the second alpha emitter. From this curve the half life of this
isotope can be calculated,

The pulse analyzer tube may have further application in the field of

pulse modulation and electronic computors.

The author wishes to express his appreciation of the help given him in
developing this instrument by Mr. A. Ghiorso, Mr. H. P. Robinson and other

members of the University of California Rediation Laboratory,.

The work deseribed in this paper was performed under the auspices of the

Atomic Energy Commission.
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Circuit for pulse analyzer with four
mechanical registers for testing the
operation of the tube.
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Pulse analyzer tube and vacuum system
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Clese up of anode. structure and front
panel of pulse analyzer tube.
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